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Trends in Fruit Breeding

1-Environmental Issues

کشاورزی پايدار گرم شدن جهانی زمين یآلودگی زيست محيط



2-Health Consciousness

ميوه سالم تر•

ميوه با ارزش غذايی بالاتر•

توسعه کشاورزی پايدار و ارگانيک•





Health Benefits of Fruits

Wild type 
fruits

Health 
enhanced 
cultivars



3-Consumer Expectations and Habits

)green(محصول ارگانيک 

سهولت در مصرف، عطر و طعم 
خوب، کيفيت ثابت

ر انبارمانی طولانی، توليد در سراس
سال



4-Producer Expectations: Simplified 
Management

کاهش هزينه •
مواد شيميايی

کاهش هزينه •
کارگری

رقم های با •
ميت بيشترين ک

و کيفيت



Simplifying Orchard Practices

يوهافزايش سفتی م
نيکنواختی رسيد

سهولت در جدا 
شدن

مقاومت به ضربه

پايه های پاکوتاه
پيوندک های
spur type  

ت تغيير اندازه درخ
يا عادت رشد



Fruiting Stability

 مقاومت به
تنش های 

محيطی

سازگاری 
به نواحی 

يدتوليد جد

 مقاومت به
آفات و 
بيماری ها

self 
fertility







Diversification of fruit Types

ويژگی کيفی 
متمايز ظاهر جذاب عطر و طعم جديد



Consistent High Fruit QualityConsistent High Fruit Quality

Visual quality
Shape
Color
size

Texture
Firmness
Crispiness
juiceness

Flavor
TSS
TA

Firmness and Postharvest Competence
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MICROGRAFTING

or

SHOOT-TIP GRAFTING (STG)
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During metabolic process and contact process with external environment, a large

amount of free radicals are produced in human body (Li et al., 2014). Overproduction

of free radicals results in oxidative stress, a deleterious process that can be an

important intervener of damage to cell structures, including proteins, fatty acids and

nucleic acids (Valko et al., 2007). Thus, oxidative stress has been implicated in ageing

and in a number of human diseases such as cancers, arteriosclerosis, diabetes, cataract,

cardiovascular diseases, Parkinson’s disease, Alzheimer’s disease and arthritis.

Introduction
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Consumers see the connection between fruits and health and associate their diets with the

prevention of these diseases. Numerous epidemiological and prospective studies have been

undertaken that suggest a strong link between dietary intake of phytochemicals and human

health, particularly in protecting against chronic degenerative diseases, such as cardiovascular

disease, diabetes mellitus and cancers (Hajiaghaalipour et al., 2015). As the public becomes

more aware of the health benefits of fruits, the demand for fruits specifically developed for their

health benefits is increasing (Byrne, 2012). Such health-enhanced products that could be sold

fresh or processed into extracts are natural sources of antioxidants, antimicrobials, or food

colorants for the health and foot industries (Byrne, 2002; Cevallos-Casals et al., 2006).
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Terms

Phytonutrient
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Biofortification is an effective and economical method to improve the
micronutrient content of crops, particularly staples that sustain human
populations in developing countries. Whereas conventional fortification
requires artificial additives, biofortification involves the synthesis or
accumulation of nutrients by plants at source.

Biofortification
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Plant biostimulants, sometimes referred to as agricultural biostimulants, are
a diverse classification of substances that can be added to the environment
around a plant and have positive effects on plant growth and nutrition, but
also on abiotic and biotic stress tolerance.

biostimulants
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Using practical and new approaches to provide
additional health benefits to consumers or animals by
promoting the state of well-being and possibly reducing
the risk of disease is called functional foods.

Functional foods
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When functional food aids in the prevention and/or
treatment of disease(s) and/or disorder(s) other
than anemia, it is called nutraceutical.

Nutraceutical
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Strategies to address micronutrient deficiency include dietary diversification, nutritiona
supplements, fortification and biofortification. A combination of approaches is likely to
provide the greatest overall benefit, but in some populations dietary diversification is
impractical and supplements are only suitable as shortterm interventions. Fortification
requires the addition of nutrients to food products, for example, iodine is added to table
salt, and iron, zinc and folate are added to flour to make bread.

One major drawback of these approaches is the limited stability of the additives, for
example, folate added to rice becomes more soluble at higher temperatures and is los
when the rice is boiled.

A second disadvantage is that additives can also affect the quality of food, for example
iron additives are oxidized over time and this has an impact on taste.

The third and major limitation of conventional fortification is that it is mainly suited to
developed countries with the necessary technical infrastructure and distribution
networks, but is less appropriate for developing countries with their extensive reliance on
subsistence agriculture.
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The industry definition of biostimulants was originally
proposed in 2012 and stated: “Plant biostimulants
contain substance(s) and/or microorganisms whose
function when applied to plants or the rhizosphere is to
stimulate natural processes to enhance/benefit nutrient
uptake, nutrient efficiency, tolerance to abiotic stress,
and crop quality.
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Biostimulants:
 protein hydrolysates

 seaweed extracts 

 silicon 

 chitosan 

 Humic and fulvic acids phosphite

 Arbuscular mycorrhizal fungi trichoderma

 Plant growth-promoting rhizobacteria
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biostimulants ameliorates the effects of abiotic stress (Table 1).
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Seaweed extracts (SWE) as biostimulants are emerging as commercial
formulations for use as plant growth promoting factors and a method to
improve tolerance to salinity, heat, and drought. Algal extracts target a
number of pathways to increase tolerance under stress (Fig. 1).

Seaweeds are red, green, and brown macroalgae that represent 10% of
marine productivity [8].

Macroalgae have been used as organic fertilizers for thousands of years
and are still in use [64].



87



88



89

Protein hydrolysates are mixtures of polypeptides, oligopeptides, and free amino
acids derived from partial hydrolysis of agricultural by-products from animals and
plants. Carbohydrates, proteins, amino acids, and lipids may increase stress tolerance
through different (Fig. 2).

The effects of amino acids on ion fluxes across membranes have been clearly
established, with most having a positive effect on reducing NaCl-induced potassium
efflux.

Protein hydrolysates (PH) are often sold as formulations that include plant growth
regulators. The bulk of PH products, over 90%, are produced from chemical hydrolysis
of animal by-products while enzymatically processed plant-based products are a
recent development.
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Humic and fulvic substances are the major organic components
of lignites, soil, and peat. Humic and fulvic acids are produced by
the biodegradation of organic matter resulting in a mixture of acids
containing phenolate and carboxyl groups. Fulvic acids are humic
acids with a higher oxygen content and lower molecular weight. A
number of examples exist indicating the potential for these
substances to improve abiotic stress tolerance in plants (Fig. 3).
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While plants are known to establish symbiotic relationships with bacteria, our
understanding of those relationships under abiotic stress is rudimentary. However,
some of the targets of microorganisms that increase abiotic stress tolerance have
been identified (Fig. 4). Bacteria with the potential to act as biostimulants have been
isolated from a number of ecosystems with saline, alkaline, acidic, and arid soils.
These bacteria belong to several genera such as Rhizobium, Bradyrhizobium,
Azotobacter, Azospirillum, Pseudomonas, and Bacillus. Members of these genera
have developed strategies to adapt and thrive under adverse conditions.

Microorganisms
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New biostimulants
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Temperature
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Environmental 
Physiology
Stress 
physiology

Growth and 
Reproductive 
Physiology

Nutrition and 
Assimilation 
Physiology



125

یتحقيقات فيزيولوژِ 
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glycomins
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Structural genomics

تعيين توالی و نقشه ژنی
cDNA
Real Time PCR
Microarray

Functional genomics
DNAمطالعات بعد از 
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:مسير شناسايی ژن تا اصلاح نباتات
ش̑ناسايى -1

Եیید -2

اس̑تفاده در اصلاح نباԵت -3

:تغيير بيان ژنها در شرايط تنش
ژن های رمز کننده ʹروتئ̿نهای با وظایف ساخ˗اری Թ آ̯زيمی مشخص -1

ش̑ناخ˗ه ̮شدهژن های رمز کننده ʹروتئ̿نهای با وظایف  -2

تنظيمیژن های رمز کننده ʹروتئ̿نهای  -3
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 در اما دارد، ياريبس اهميت فيزيولوژيك و مرفولوژيك صفات اساس بر انتخاب اگرچه
 بر غلبه براي خشكي، و شوري به مقاومت مانند اي پيچيده صفات مورد

.است نياز مولكولي ماركرهاي از استفاده به ها مكانيسم پيچيدگي

 صفات نندهك كنترل هاي جايگاه يابي نقشه زمينه در زيادي تلاش امروزه
QTL يا كمي (Quantitative Trait Loci) هاآن از استفاده با تا ميشود، انجام 

Marker( ماركرها كمك به انتخاب سرعت و كارايي Assisted
selection( داد افزايش را.

 از  ستفادها تنش، به پاسخ در دخيل ژنهاي از شناخت عدم دليل به حاضر حال در
.است همراه هايي محدوديت با ماركرها
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 والیت روی از توان نمی را مختلف شرایط در سلولها رفتار مولکولی مکانیسم•
.کرد پیشگویی آنها ژنهای

 ها ئینپروت عهده بر میشود انجام سلول در که هایی فعالیت تمام و سلول رفتار•
.است

 ترکیب رد اطلاعات، زیاد بسیار حجم ایجاد قابلیت با پروتئومیکس جدید های عرصه•
 ژنهای و ها ممکانیس شناسایی امکان بیوانفورماتیک، و ژئومیکس نوین روشهای با

.میکند فراهم را تنشها به پاسخ در دخیل

 کمی و یکیف تغییرات انواع پروتئینها، تفکیک بالای توان از استفاده صورت در•
.شودمی مطالعه حساس و مقاوم گیاه در تنش بدون و تنش شرایط در پروتئین
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Proteomics

دانش بررسي ساختار و عملكرد پروتئينها

Proteom

به كليه پروتئينهايي كه در يك سلول در يك زمان مشخص بيان 
.ميشوند، پروتئوم آن سلول گفته ميشود

.بر خلاف ژنوم براي هر موجود نميتوان يك پروتئوم واحد تعريف كرد
.پروتئوم سلولهاي مختلف با يكديگر متفاوتند 

.پروتئوم يك نوع سلول نيز هميشه ثابت نيست

لف، دانش بررسي تغييرات پروتئين در شرايط مخت
فعملكرد آنها و برهمكنش بين پروتئين هاي مختل
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• The complete set of proteins found in each 
cell is known as the proteome

• Approximately 25,000 proteins in a plant 
cell

• Proteins concentration (and activity) may be 
different than gene expression due to post-
translational modification

30,000 تا  50،000 gene
mRNA 15،000تا  10،000

But:
10,000 to 150,000 pr
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GOALs

ك مشخص كردن كليه پروتئينهايي كه در سلول تحت ي
ميكند شرايط معين بيان ميشوند يا ميزان بيان آنها تغيير

تقال مسيرهاي ان(شناسايي برهمكنش هاي بين پروتئيني 
)سيگنال و مسيرهاي بيوسنتزي

 آرايشهاي پس از(نقشه برداري آرايش هاي پروتئيني 
دن ترجمه مانند گليكوزيله شدن، متيله شدن، فسفريله ش

داري ، كه بر فعاليت، عملكرد، ساختار فضايي، پاي...)و 
و نيمه عمر آنها اثر دارد
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:دو استراتژيِ اصلي گياه در مقابله با تنش

اجتناب از تنش

.ناميده ميشود acclimationكه معمولا ) تنظيمات قابل برگشت فعال در شرايط تنش(تحمل به تنش 

سكريپتوم، خوگيري به تنش از طريق تغيير در بيان ژنها صورت ميگيرد كه نتيجه آن تغييرات در تران
.پروتئوم و متابولوم گياه است
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:تنش به خوگيري در پروتئينها نقش

پلاسمايي غشاي در تغيير
متابوليتها سطح در تغييرات كننده كاتاليز هاي آنزيم
آب به ستوپلاسم تركيبي ميل و ساختار در تغيير
ترجمه و رونويسي كنترل

 پروتئيني يماركرها شناسايي به منجر نهايت در ميتواند پروتئوميكس مطالعات
 در كمي راتتغيي با خاص هاي پروتئين فراواني در تغيير كه طوري .شود بالقوه
.باشد همراه تنش به پاسخ در مهم فيزيولوژيك پارامترهاي برخي
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Plant 
response 
to stress
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انرژي  خوگيري، فرايند فعالي است كه به
شد و متابوليسم گياه از مسير ر. نياز دارد

ه تنش نمو فعال سابق به سمت خوگيري ب
طح تغيير ميكند كه اين تغييرات در س

پروتئوم انعكاس مي يابد
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Aquaporins (AQPs)

Text

Ea= 10-20 
kcal/mol

Ea < 5
Kcal/mol

Text

Two main topics were of special interest  
◊The high water transport rate (109 molecules per second)

◊The high selectivity for water

AQPs



AQPs subfamilies:

Tonoplast intrinsic proteins
(TIP)

Nodulin26-like intrinsic proteins
(NIP)

Small basic intrinsic proteins
(SIP)

Plasma membrane intrinsic proteins
(PIP)



In the membrane, AQPs form tetrameric structures with each 
monomer acting as an independent water channel



Control of water permeability

By changing 
their abundance 
in the membrane

Mechanisms of control 
flow across the 

membrane by AQPs

By changing the 
rate of flow 
through the 
water channel



Change in the rate of water flow

Text

Text

Text

Text

AQP gating

Posttransla
tional 

regulation

Cytoplasmic 
pH

Phosphor
ylation

Heavy Metals,
Ca2+,
Osmotic pressure
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Separating the Proteome

• The protein genome is separated by several different 
methods. 

• The most commonly used method is 2-dimensional gel 
electrophoresis.
– Consists of using isoelectric focusing with SDS 

polyacrylamide gel electrophoresis
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Isoelectic point
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ايزوالکتريک می pHرا  pHبرابر صفر است که اين _ و + خاص، بارهای  pHدر يک 
.گويند

ايزوالکتريک خاص خود را دارد که به اسيدهای آمينه آن بستگی دارد pHهر پروتئين، 
.در اين نقطه، حلاليت پروتئين ها به حداقل می رسد  که باعث رسوب می شود



151

glycine

+ -

در محيط خنثي بار خنثي  
در محيط قليايي بار منفي
در محيط اسيدي بار مثبت
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می رسند PIبه نقطه  pH 7اسیدهای آمینه غیرقطبی تقریبا در 

:آمینه بارداراسیدهای 
رسند مثل لیزین، آرژنین، هیستیدینمی  PIنقطه بازی به  pHبازی در اسیدهای آمینه 
یدرسند مثل گلوتامیک اسید، آسپارتیک اسمی  PIنقطه اسیدی به  pHاسیدی در اسیدهای آمینه 
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Isoelectric focusing

• This separates proteins based on isoelectric point
• The isoelectric point is the pH at which the protein 

has no net charge.
• pH gradients may be large 2-10 or small 6-7
• Typically this is done with an immobilized pH 

gradient gel strip or with a tube gel containing a low 
concentration of polyacrylamide. 

• Ampholytes are added to create a pH gradient in an 
electric field and the proteins are loaded.

• The IEF gel is placed in an electrophoresis system 
for up to 24 hours and the proteins form tight bands 
at their isoelectric point.

ك اختلاط اسيدها و بازهاي آلي داراي وزن مولكولي پايين و انتشار آنها در ميدان الكتري با
.به وجود مي آيد pHايجاد شده در عرض ژل، يك شيب 

برابر  pHوقتي مخلوط پروتئين در اين شيب قرار داده مي شود هر پروتئين براي رسيدن به 
PI خود داخل ژل حركت مي كند
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• This separates proteins based on isoelectric point
• The isoelectric point is the pH at which the protein has 

no net charge.
• pH gradients may be large 2-10 or small 6-7
• Typically this is done with an immobilized pH 

gradient gel strip or with a tube gel containing a low 
concentration of polyacrylamide. 

• Ampholytes are added to create a pH gradient in an 
electric field and the proteins are loaded.

• The IEF gel is placed in an electrophoresis system for 
up to 24 hours and the proteins form tight bands at 
their isoelectric point.
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الکتروفورز پلی اکريل آميد دو بعدی

-1 immobilized pH gradient gel strip (IPG)

آمفولين هاي اسيدي در چپ، آمفولين هاي بازي در راست و آمفولين هاي  IPGدر ژل هاي 
خنثي در وسط در كارخانه با ژل ميكس مي شوند

 carrierژل، به عصاره پروتئيني  –و + براي جلوگيري از فيكس شدن پروتئين ها در دو سمت 
ampholin اضافه مي شود كه خود بار داشته و با بار ژل رقابت مي كنند  .
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  -2 SDS Polyacrylamide Gel Electrophoresis

 همچنين و(SDS( سولفات دودسيل سديم ماده از استفاده دليل بهSDS-PAGE تكنيك
 يكSDS .باشد مي خوب بسيار ها پروتئين تفكيك قدرت آميد اكريل پلي ژل عالي هاي ويژگي

 در .كند يم دناتوره را آنها ها پروتئين هيدروفوب نواحي به اتصال با كه باشد مي آنيوني دترجنت
 از تييكنواخ توزيع و پوشاند مي را آنها طبيعي بار ها پروتئين به اتصال باSDS مولكول واقع

 وزن اساس بر تنها ها پروتئين جداسازي نتيجه، در .نمايد مي ايجاد آن روي بر منفي بارهاي
  افيك مقدار در را آنها پروتئيني، هاي مولكول نمودن خطي جهت .گيرد مي صورت شانمولكولي
SDS، قايقيد نيز و سولفيدي دي باندهاي بردن بين از جهت اتانول مركاپتو كننده احيا ماده و 
 هر ازاي بهSDS گرم 1.4 ها، پروتئين به اتصال جهت لازمSDS مقدار .دهند مي قرار حرارت

 اساس رب تنها ها پروتئين جداسازي الكتروفورز نمودن ران هنگام در حالا .باشد مي پروتئين گرم
 دليل هب آن حركت باشد، بزرگتر مولكول اندازه هرچه كه معنا بدين .بود خواهد شان مولكولي وزن

.بود خواهد كمتر اطراف محيط با اصطكاك
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Thus, in 2D gel electrophoresis, the protein is allowed to run on a fixed pH gradient in the first
dimension. In the second dimension, the proteins are separated using vertical or horizontal
polyacrylamide gel electrophoresis. Thus, the proteins separate according to their molecular
weight in the second dimension.
Besides, this method of gel electrophoresis increases the resolution of protein separation.
Therefore, the separated proteins are purer. However, the cost of the technique is much higher
than one dimension gel electrophoresis.
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How To Cast and Run a Polyacrylamide Gel
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:های متفاوت پر می شود pHتانک با دو نوع بافر با 

Loading / tank buffer
Seperating / resolving buffer



162

SDS Polyacrylamide Gel Electrophoresis

• The second dimension separates the proteins based on size.
• There are two parts, the stacking gel which concentrates the 

sample and the running gel that is used to separate the 
proteins.

• The IEF gel is soaked in a solution containing chemical to 
denature the proteins including sodium dodecyl sulfate a 
detergent which gives the proteins a net negative charge.  
This means that all proteins will move in one direction.

• The IEF gel is then put in the one long well in the stacking 
gel, sealed in place with agarose, and the proteins subjected 
to an electric field to separate.  

• The larger proteins are found at the top and the smaller ones 
are found at the bottom of the gel.
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Mass Spectrometery

• Separates ions based on mass to charge ratio.
– Charges are placed on the protein or the peptide by 

ionization.
• Two most common types of ionization are:
• Matrix-Assisted Laser Desorption Ionization.

– MALDI causes fragmentation of the protein during 
ionization.  Can be used to get more information about 
the fragments.  Easier to do than ESI.

• Electrospray ionization  (ESI)
– ESI can give whole protein masses as well as complex 

masses.  If the proteins is first separated by reverse phase 
HPLC before injection only the subunits masses will be 
known.
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Amino Acid Masses
Amino acid Mass(avg) Amino acid Mass(avg)

G 57.0520 D 115.0886
A 71.0788 Q 128.1308
S 87.0782 K 128.1742
P 97.1167 E 129.1155
V 99.1326 M 131.1986
T 101.1051 H 137.1412
C 103.1448 F 147.1766
I 113.1595 R 156.1876
L 113.1595 Y 163.1760
N 114.1039 W 186.2133
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